Skeletal muscle Sirt3 expression and mitochondrial respiration are regulated by a prenatal low-protein diet.
Malnutrition during the fetal growth period increases risk for later obesity and type 2 diabetes mellitus (T2DM). We have shown that a prenatal low-protein (8% protein; LP) diet followed by postnatal high-fat (45% fat; HF) diet results in offspring propensity for adipose tissue catch-up growth, obesity and T2DM in Sprague-Dawley rats. Skeletal muscle is the major tissue for insulin-mediated glucose uptake. Dysfunctional skeletal muscle mitochondrial function, particularly reduction in expression of mitochondrial protein sirtuin protein 3 (Sirt3) contributes to development of T2DM by reducing mitochondrial respiration. Therefore, we hypothesized that maternal LP and postnatal HF diets would increase T2DM risk due to Sirt3 dysfunction within skeletal muscle mitochondria. Using our maternal LP and postnatal HF diet model, we showed that skeletal muscle mitochondrial oxygen consumption rate was decreased by maternal LP diet. Mitochondria copy number, mitochondrial thermogenesis (UCP-1) expression and mitochondrial biogenic factors including nuclear respiratory factor 1 and cytochrome c oxidases 1 and 4 were unaffected by maternal LP and postnatal HF diets. Skeletal muscle Sirt3 mRNA decreased with maternal LP diet. A mitochondrial substrate of Sirt3, succinate dehydrogenase (SDH), is regulated by Sirt3 via lysine residue acetylation status of SDH. Acetylated SDH protein (inactive form) levels were moderately decreased by maternal LP diet. Taken together, these data suggest that maternal LP and postnatal HF diets may increase the risk for T2D by decreasing skeletal muscle oxidative respiration via increased Sirt3 and possibly by decreased amounts of the active form of SDH enzyme.